Background: Survival following spinal cord injury (SCI) has greatly improved since the unsuccessful attempts to repair the damaged spinal cord were replaced by systematic prevention and treatment of complications caused by the neural damage. Objective: To evaluate the main outcome measures in patients with spinal cord injury. Design: Retrospective cohort study. Setting: Loewenstein Rehabilitation Hospital, the major referral center for rehabilitation medicine for hospitals throughout Israel. Subjects: 250 consecutive patients, injured between 1959 and 1992. Main outcome measures: Survival rates and mortality risk factors. Method: Demographic, clinical, and mortality data were collected from the hospital charts and from the Population Registry of the Israel Ministry of Internal Aairs. Survival rates were estimated using the product limit (Kaplan-Meyer) method, and their association with known risk factors was analyzed with the Cox proportional hazard model. Results: The survival rate after injury was 81% after 10 years, 75% after 20 years, and 62% after 30 years, and 50% after about 36.5 years. Survival was found to be negatively associated with age (P=0.01) and with high spinal level of injury (P=0.003). Conclusions: Survival rates in the studied population are similar to those reported in other countries, and are close to those of the general population living in Israel in the same time period. The study demonstrates that developing countries can reach survival rates comparable to those of developed countries, and may contribute to better survival predictions of patients with SCI.
Introduction
Until the last few decades, spinal cord injury (SCI) was associated with poor survival. In World War I, 80% of American and British soldiers who sustained SCI died within a few weeks to 3 years. 1 The tide turned with the introduction of a new medical approach based on the notion that morbidity and mortality associated with SCI were due not to the neurological de®cit per se but to its complications. Survival rates greatly improved when attempts to repair the damaged spinal cord were replaced with the systematic prevention and treatment of complications. 2 ± 17 Survival analysis of patients with SCI is important both for epidemiological description needed to assess and compare treatment achievements, and for estimating the survival of populations and of individual patients. Demonstrating the eciency of treatment and predicting the survival rate of current patients may aect survival rates in the future by in¯uencing resource allocation throughout the health system in general and for individual patients.
The survival, life expectancy, and mortality of patients with SCI have been discussed in many publications, and the information required for a positive in¯uence on the survival of these patients is apparently available. Nevertheless, although the existing literature supports the current approach to the treatment and care of this population, the systematic prevention and treatment of complications is still partial, especially in developing countries and even in parts of developed ones. Moreover, many of the studies are not helpful for estimating survival in actual groups or individuals; their data are based on patients from speci®c countries, areas, or health systems, and does not easily lend itself to inferences on survival in other parts of the world. Some studies include only mortality data and lack information that can be easily interpreted for survival prediction.
Therefore, to support the current approach to care and treatment, and to improve the ability to predict the survival of patients with SCI, additional data are needed on survival (rather than mortality) rates of patients with SCI, in dierent subpopulations, cultures, areas, and countries.
The present study, which evaluates the survival rates and mortality risk factors in patients with traumatic spinal cord lesions, is the contribution of one center in Israel to achieving this purpose.
Methods
The study sample included 250 consecutive patients with traumatic spinal cord lesion, injured between 1959 and 1992 and treated at the Loewenstein Rehabilitation Hospital, the major referral center for rehabilitation medicine for hospitals throughout Israel. The number of admissions was distributed almost equally over time, with 74 patients admitted during the 1960s, 76 during the 1970s, 73 during the 1980s, and 27 in the early 1990s. Demographic and clinical data were collected by reviewing the hospital charts. Mortality data were collected from the Population Registry of the Israel Ministry of Internal Aairs. The study was carried out between July and December 1998. Mortality data through September 30, 1998 were used, so the time from the onset of the spinal cord injury to death or end of follow-up covered a maximum period of 39 years. The follow up period was 6 weeks to 10 years for 87 patients, 10 ± 20 years for 61 patients, 20 ± 30 years for 69 patients, and 30 ± 39 years for 33 patients.
Data were analyzed by the SAS system for Windows, version 6.12 (SAS Institute, Cary, NC, USA). Survival rates were estimated using the product limit (Kaplan-Meyer) method, and dierences between subgroups (by sex, age at injury, spinal level of injury, severity of neurological de®cit, and decade of injury) were analyzed by logrank test. The Cox proportional hazard model was employed to determine the probability of mortality (`hazard') in the presence of speci®c risk factors and to create survival curves for various combinations of age and level of injury ( Figure 1 ). 18 The severity of neurological de®cit below the spinal level of injury was graded according to Frankel. 19 Results
Demographic and clinical data
The age range of the patients was 6 ± 83 years (mean 34.5). Male : female ratio was 3.1 : 1. The interval from injury to transfer to the rehabilitation center from a general hospital ranged from 3 to 384 days (mean 59, median 36). Levels of injury were as follows: high cervical, 7.6%; low cervical, 28.8%; thoracic, 32.4%; lumbar, 31.2%. On admission, the cord injury was grade A (complete) in 29.6%, grade B in 16.8%, grade C in 40%, and grade D in 13.6%. None of the patients was ventilator dependent. The cause of injury was road accident in 32.8%, work accident in 26.8%, a fall from a height (for unknown reasons) in 16.8%, suicide attempt in 13.6%, and other (gunshot, stabbing, sports-related accidents) in 10.4%.
Outcome
Maximum survival was 39 years at the time of data conclusion (43 years by the year 2002); 181 of the 250 patients were alive at the end of the follow-up period. Of the remainder, 12 patients died in the ®rst year after injury, eight during the second year, four during the third, four during the fourth and six during the ®fth year; all together 34 within 5 years. 0 ± 3 patients died during each of the subsequent years.
The 5-year survival rate was 85.2%, and the 30 years survival rate, 62.24% (Table 1) . Survival rate was less than 50% only for the patients who were followed for at least 35 years (36.5 years on average).
Survival was found to be negatively associated with age at injury (P=0.001) and with high spinal level of injury (P=0.003). It was also associated negatively with severity of neurological de®cit and positively with recency of injury (by decade), but neither of these ®ndings reached statistical signi®cance. There was no signi®cant association between gender and survival. Grouping the patients by age and level of lesion, survival rate was 50% at 11 years after the injury, and 20% at 30 years after the injury in patients with cervical lesions who were injured when they were aged 35 years or older. In the patients with thoracic lesions who were injured when they were aged 35 or older, survival rate was 50% at 16 years after injury and 30% at 30 years after the injury. In patients with lumbar lesions who were injured when they were aged 35 years or older, survival rate was over 65% at 30 years after injury. In the patients with cervical lesions who were injured when they were aged 34 years or younger, survival rate was 70% at 30 years after injury. In the patients with thoracic lesions who were injured when they were aged 34 years or younger, survival rate was approximately 80% at 30 years after the injury. In the patients with lumbar lesions who were injured when they were aged 34 years or younger, survival rate was over 90% at 30 years after injury ( Figure 1 ). Out of the 35 patients with cervical lesions and a Frankel grade of A or B on admission, who survived the ®rst year after injury, three are still alive 34 ± 43 years after the injury.
Discussion
Loewenstein Rehabilitation Hospital opened in 1962 and admitted patients who had sustained spinal injuries from 1959 onwards. Most of the patients were transferred from a general hospital, and many had undergone spinal surgery before rehabilitation. The treatment applied at the Loewenstein Rehabilitation Hospital followed the principles established by Guttmann. 1 Admission was followed by routine check-up examinations performed during short hospitalizations. The present study evaluates the success of this approach in terms of survival.
In general, the survival rates found in this study represent a satisfactory achievement of the treatment and are similar to those of corresponding large-scale studies in western countries. 11, 12 About half the patients with sucient follow-up were still alive at 36.5 years after injury, a ®nding comparable to the 33-median years of survival described by Whiteneck et al. 12 Adding the mean age of the patients, 24.5 years to the median survival time, results in an average life span of approximately 71 years for the patient population. This is slightly less than that for the general hospital population of Israel during the same period. These results demonstrate that developing countries can reach survival rates comparable to those of developed countries by adopting the principles introduced into SCI medicine in the second half of the twentieth century. 1 Applying the conclusions of this and other corresponding large-scale studies can improve the lifetime compensation oered to SCI patients in Israel and other countries with similar characteristics. The results con®rm the reference to the median of subgroups, as presents here and in previous publications, and at the same time encourage the extrapolation of estimated survival (and compatible compensation) according to speci®c patient characteristics. Characteristics such as younger age at injury, lower level and degree and severity of the lesion, more recent date of onset of injury, and a longer interval between injury and estimation date, should prolong the estimated survival. Our ®nding that approximately half the mortality (34 out of 69) occurred during the ®rst 5 years after injury indicates that survival of 5 years or longer predicts a long life expectancy. The overall favorable outcome of the treatment and longterm follow-up at a speci®c medical center may support the reference to the availability of specialized services in the process of estimating the survival of patients with SCI.
The negative association of survival with age at injury and level of lesion agrees with many previous studies. 4, 8, 12, 16 The study also found an association, albeit not statistically signi®cant, between survival and both severity of neurological de®cit and recency of injury. Similarly, Sarnsa et al 13 failed to demonstrate a signi®cant association between survival and severity of neurological de®cit, and Measard et al 3 found such an association only when the level of injury was cervical or high thoracic. However, a statistically signi®cant association between survival and severity of neurological de®cit was found by DeVivo et al. 16 Conclusions regarding the in¯uence of gender on survival after cord injury are likewise con¯icting. Some studies have demonstrated a signi®cantly longer survival rate among females, 6, 15, 16 whereas others, 13 including the present one, have not. Despite its generally positive ®ndings, the study has several limitations. The number of participants (n=250) was too small for actuarial purposes. Insucient follow-up in many of them did not allow accurate calculations of life expectancies, especially by age, lesion level, and other factors. In addition, dierences in the interval from injury to transfer to rehabilitation, era of injury, and inclusion of ®rst-year deaths, made comparison with other studies dicult. The relatively long interval between injury and admission in the present study (median 36 days) results in the exclusion of early deaths, thereby reducing the ®rst-year mortality and increasing the survival rate relative to some earlier studies. 4, 8 At the same time, the inclusion of all other ®rst-year facilities decreased the survival rate relative to other important studies. 12, 16 In conclusion, these results resemble in general those of recent studies elsewhere, and survival rates are close to those of the general Israeli population during the same time period. These ®ndings con®rm the modern approach to the management of SCI and contribute to more accurate predictions of survival for patients with SCI.
